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Abstract 
Based on the meteorological data of Mengzhi weather station from 1961 to 2010 and FAO Penman-Moteith formula, 
reference crop evapotranspiration （ET0） was calculated, and the annual and monthly changing trends of ET0 were 
analyzed. Using the statistics test and regression analysis methods, the main meteorological factors that impact ET0 
were discussed. The results show that the annual ET0 in Mengzhi plain is decreased slowly over the recent 50 years, 
and reduced by 13.43 mm per decade. The influence capacity of meteorological factors on ET0 is as follows: annual 
average wind speed > relative humidity > sunshine hours > average maximum temperature. The maximum monthly 
ET0 appeared in April or May each year, and the minimum monthly ET0 occurred in December. ET0 declined 
significantly in April and May in recent 50 years; in other months, there is no significant increase or decline trend. 
The most important factor affecting ET0 from January to May and December is the average wind speed, and from 
June to September, ET0 is affected the most by the sunshine hours and in October and November by humidity. 
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1. Introduction 
The climate change with the characteristic of global warming has become a hot spot of research in the 
field of water resources, agriculture, ecology, and other disciplines. According to the IPCC report, in 
recent 100 years (1906-2005), the global temperature has raised 0.74℃ [1]. Global warming drives the 
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complex water cycle to change and brings the distribution change of water resources in quantity and 
space-time. As one of the important parameters of the hydrologic cycle, reference crop evapotranspiration 
(ET0) plays a key role in estimating and predicting crop evapotranspiration, water management, 
establishing irrigation scheme and other practice of agricultural production. Reference crop 
evapotranspiration (ET0) refers to the crop evapotranspiration in the open short grass land where the soil 
moisture is adequate, ground is completely covered, grass grew normally with the similar height (grass 
height is about 8 ~ 15 cm). ET0 reflected the impact of atmosphere evaporation capacity on the crop water 
requirement in different regions and periods, and it is only related to local weather conditions [2]. Climate 
change will lead to change of ET0, thus affecting crop water requirement. Scholars in China have 
researched the changing process of ET0 in different regions. Liang Liqiao et al. [3] indicated that ET0 
takes the increasing trend in west Songnen plain in 1951 ~ 2000 years. Zeng Lihong [4] shows that ET0 
has generally performances smaller increasing trend in the northeast area in recent 60 years. Gu ShiXiang 
et al. [5] shows that maximum temperature is the main factor of ET0 changes within the year in the 
longitudinal gorge region in Yunnan province, and annual ET0 change mainly effected by the sunshine 
hours. Li Chunqiang et al. [6] show that the decreasing rate of reference crop evapotranspiration is up to 
43.58 mm per decade in Hubei province in recent 35 years. Shi Jianguo et al. [7] show that ET0 of Yellow 
River valley has presented the downward trend to stability and to the rising trend since 1957 years. Xie 
Xianqun et al. [8] show that ET0 in the north of China has presented the downward trend in recent 50 
years. Ren Yudui et al. [9] has studied the long-term changes of ET0 in Beijing Changping, Henan 
Kaifeng, Hubei Tuan Lin and discussed their change mechanism. Wang Yanjun et al. [10] shows that it is 
the decreasing of sun radiation and wind speed leads to the drop of ET0 in Yangtze river basin, Luoyu et 
al. [11] shows that relative humidity and temperature are the main factors which effect ET0 change in 
Beijing areas, ET0 most greatly influenced by sunshine hours during summer and other time by 
temperature within the year. LiLu et al. [12] shows that the meteorological factors effecting ET0 in Taizi 
River valley are, from strong to the weak in order, sunlight, wind speed, temperature and relative 
humidity. Gong et al. [13] shows that the main influence factor of ET0 in the southwest of France is the 
temperature. Duan Chunfeng et al. [14] show that ET0 during growing season in the northwest region 
decreases significantly, and in the plateau climate region the main influence factors are wind speed, sun 
radiation and temperature. Domestic study on ET0 are mainly concentrated in these regions such as the 
northwest, northeast, north China and Yangtze River valley, whereas little research on ET0  in the 
southwest was conducted, and only research on the changing trend and main factors for annual ET0 were 
found but less on every month changing trend. Mengzhi plain is the most famous drought plain in Yunnan 
province where drought and short of water are one of the main factors restricting economy development 
in this region. However, study on reference crop evapotranspiration in this region has never been reported, 
so this paper, according to meteorological data of Mengzhi plain in Yunnan province in 50 years (1961-
2010), calculates ET0 for annual and monthly with PM formula, analyzing the change trend of annual and 
monthly ET0 , discussing the change characteristics and main meteorological factors affecting ET0 with 
trend analysis and partial correlation analysis, in order to provide some reference for adjustment plan of 
water usage. 
2 Materials and methods 
Mengzi weather station locates at longitude 101° 32', latitude 25 ° 01', and altitude 1772.0m. The 
monthly meteorological data in recent 50 years (1961-2010) were obtained from China meteorological 
data sharing service web site. The Penman-Monteith formula recommended by the Food and Agriculture 
Organization of the United Nations (FAO) was used to calculate monthly ET0 over the past 50 years. The 
Penman-Monteith formula is given as follows: 
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In this formula, ET0 ——crop water requirements, mm/d; △ ——saturation vapor 
pressure/temperature curve, kPa /°C; Rn ———net radiation from canopy, MJ /（m2·d）; G ——soil 
heat flux,MJ /（m2· d）, calculating step=24h, omit the G; T ——the average daily temperature, equal to 
the mean of daily average maximum temperature (Tmax) and average minimum temperature (Tmin), ℃; 
u2——wind speed of 2 m height above the ground, m/s; es——saturation vapor pressure, kPa; ea——
actual water vapor pressure ，kPa; es - ea ——vapor pressure deficit，kPa；γ ——psychrometer 
constant，kPa /°C. The relative parameters of calculation methods in the formula are showed in the 
reference [2]. 
The accumulation of every year 12 months of ET0 can get annual ET0. In order to reflect ET0 and 
relevant meteorological factors of the long-term change trend, regarding them as the dependent variable, 
as the year for the independent variable and a linear regression equation btay   is established. In this 
equation, a is intercept and b is regression coefficient, both can obtain by the least square method, and 
10b are called as tendency rate, reflecting the average growth of the factor in 10 years. Correlation 
analysis and regression analysis is the commonly used method to research the relationship between 
dependent variable and independent variable [15- 16]. Based on the analysis of the change trend of ET0 and 
the meteorological factors were analyzed by correlation coefficient. Using t statistical tests and multiple 
regression methods, the relationship between ET0 and every meteorological factor was analyzed. 
3. Results and analysis  
3.1. ET0 annual variation 
The calculation results are presented in Table1 and Figure 1. Mean annual ET0 of Mengzi Plain in 
1961-2010 (called the long series) is 1325.4 mm, the maximum occurred in 1980, it reached at 1526 mm, 
the minimum appeared in 2007, the annual ET0 is only 1171.8 mm. Overall annual ET0 variation is little, 
the coefficient of variation CV (the ratio of Series of standard deviation to mean) just arrives at 0.05. ET0 
shows a downward trend in the recent 50 years in Mengzhi Plain, and a drop of 13.43mm per decade The 
correlation coefficient of ET0 with time series is 0.2839, it has already got through the significant 
correlation test of confidence level a=0.05. 
From each years’ ET0 mean, the 1960s ET0 mean is 20 mm higher than the mean of long series ET0, 
1970s mean is very close to the mean from 1961-2010, in the 1980s ET0 mean is nearly 49mm higher 
than that of long series ET0, and the ET0 mean in 1990s and 2000s is less than that of  long series. 
Table 1 Statistical properties of annual ET0 
Item 
Statistical properties from 1961 to 2010 1960s 1970s 1980s 1990s 2000s 
Maximum 
(mm) 
Minimum 
(mm) 
Mean 
(mm) 
Standard 
deviation 
(mm) 
Coefficient 
of variation 
Mean 
(mm) 
Mean 
(mm) 
Mean 
(mm) 
Mean 
(mm) 
Mean 
(mm) 
ET0 1526 1171.8 1325.4 69 0.05 1346 1326 1374 1293 1292 
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Figure 1 Annual ET0 changing trend 
3.2. Analysis of meteorological factors affecting the annual change of ET0 
Table 2 is the analysis of climate tendency about the annual average temperature (T), annual average 
maximum temperature (Tmax), annual average minimum temperature (Tmin), annual average relative 
humidity (RH), annual average wind speed (V), annual average sunshine hours (N), and annual rainfall 
(P). It is illustrated in Table 2 that the annual average minimum temperature and the annual average 
temperature have risen significantly in 1961-2010 in Mengzhi plain, however, while the annual average 
relative humidity, the annual average wind speed, and the annual average sunshine hours decreased 
remarkably. Every ten years, the annual average temperature increases 0.197℃ , the annual average 
minimum temperature rises 0.35℃, the annual average relative humidity decreases 0.874, the annual 
average wind speed drops 0.27m/s, and the annual average sunshine hours reduces 0.102h per day. The 
series of the annual average maximum temperature and the series of the annual rainfall fail to pass the 
correlation test of the confidence level α =0.1, which shows that the annual average maximum 
temperature and the annual rainfall do not increase or decrease significantly in the past 50 years. 
Table 2 changing trends of annual meteorological factors and correlation coefficient in Mengzhi plain 
Item T Tmax Tmin RH V N P 
Tendency 0.197 0.043 0.35 -0.874 -0.27 -0.102 -1.004 
Correlation 
coefficient 
0.558*** 0.134 0.725*** -0.494*** -0.736*** -0.411*** -0.009 
Note: *** refers to pass the highly significant coorelation test on the confidence level α =0.01  
A great number of research show that negative correlation exists between the relative humidity and 
ET0, while, positive correlation exists between wind speed, sunshine hours, temperature and ET0. The 
most effective meteorological factor that impact ET0 is different in different areas. The primary 
meteorological factor and its influence on ET0 in research area were determined by partial correlation 
analysis. The meteorological factors chosen in first time are annual average temperature (T), annual 
average maximum temperature (Tmax), annual average minimum temperature (Tmin), annual average 
relative humidity (RH), annual average wind speed (V), annual average sunshine hours (N), and annual 
rainfall. According to t-statistic value, the meteorological factors which fail to pass the  t-statistic  test on 
the confidence level α =0.1 will be rejected and have multiple regression analysis again, finally acquiring 
the significant correlation between the four meteorological factors and the annual ET0.the regression 
coefficient and t-statistic value are shown in Table 3. The multiple regression equation is: 
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The correlation coefficient of this multiple regression equation is 0.978. the multiple regression 
equation illustrates that under the condition of the consistency of other meteorological factors, ET0 
increases 35.84mm when annual average maximum temperature rises 1℃, and ET0 increases 13.68mm 
when annual average relative humility decreases 1%, and ET0 increases 83.92mm when annual average 
wind speed rises 1m/s, and ET0 increases 56.18mm when annual average sunshine hours rise 1 hour per 
day. Using regression equation and annual average meteorological data, ET0 in recent 50 years were 
calculated, and the results were compared with the calculation results of Penman-Monteith formula, the 
relative error ranges from -2.4%~3.27%. 
Table 3 Regression coefficients and t- test statistic value 
 Tmax RH V N Intercept 
Regression 
coefficient 35.84 -13.68 83.92 56.18 832.3 
t statistic 4.65 -9.13 15.82 7.89 3.1 
Note: t > 2.32 indicates that the factor has passed the highly significant coorelation test on the confidence level α =0.01, the 
greater the t statistic value，the more significant influence of the factor on ET0  
 
During 1961-2010, the greatly significant decreasing trend of wind speed and sunshine hours leads to 
the decreasing trend of ET0, however, the greatly significant decreasing trend of relative humility results 
in the increasing trend of ET0. In the past 50 years, the annual average maximum temperature did not 
remarkably increase or decrease, thus ET0 did not increase or decrease also under no significant changes 
in annual average maximum temperature. With the cooperation of the four meteorological factors, ET0 
has a decreasing trend in the past 50 years. In accordance with the degree of influence on ET0, the 
sequence of the four meteorological factors is: annual average wind speed > annual average relative 
humility > annual average sunshine hours > annual maximum average temperature. 
3.3 Monthly Change of ET0 
Statistical characteristics of monthly ET0 are shown in Table 4 and changing trend in a year is shown 
in Figure 2. From January to April, the ET0 shows the tendency of increase, and monthly ET0 reach the 
maximum in April whose mean is 155.8mm. Subsequently monthly ET0 decreases from month to month, 
the minimum is reached in December. The mean of ET0 in December is 72.7mm. The maximum of three 
months ET0 appears from March to May in every year, accounting for the 33.8% of the annual average 
ET0. The Maximum ET0 of the six months is from April to August, accounting for the 60.5% of the 
average ET0 of the total year.  
According to the change of the ET0 per month, the CV is less than 0.1 from August to October, which 
shows that the serials of monthly ET0 in these three months have a relatively small variation. But the CV 
is larger from January to  March, and May shows that monthly ET0 in these months is relatively 
dispersive comparing with the mean monthly ET0 of the these months. The CV of other months is 
between 0.10 and 0.12.  
Although annual ET0 from 1961 to 2010 shows the decreasing tendency, it doesn’t mean that the ET0 
per month shows a decreasing tendency. According to the tendency analysis of monthly ET0 Series, the 
October, from January to June all show a decreasing tendency, while from August to November shows a 
slight increase tendency. Among which the trend of March is -3.33mm/10a, correlation coefficient of ET0 
with time series is -0.24. passing the relative r test of confidence level α =0.1; the tendency of April and 
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May is respectively -3.9 mm/10a and -4.9mm/10a, the correlation coefficient of time serials of ET0 is -
0.312 and -0.319, passing the r testing of confidence level α =0.05, which shows that in these months the 
decreasing tendency is very significant.  
It has found that annual ET0 has a more obvious decrease tendency from 1980 to 2010. If the serial is 
chosen from1980 to 2010, the tendency rates of March and April are respectively -12.17mm/10a and -
11.03mm/10a, passing the highly significant correlation r testing of confidence level α =0.01. The 
tendency rate is 3.98mm in September passed the significant correlation r testing of α =0.05. 
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Figure 2 Changing process of multi-year average ET0 
Tab 4 Monthly ET0 changing trends and statistical characteristics 
Month Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Doc. 
Mean（mm） 80.7 95.3 140.2 155.8 152.3 124.1 118.2 111.6 103.9 92.6 78.0 72.7 
Maximum
（mm） 111.9 126.0 193.4 196.2 202.6 158.3 153.0 138.2 120.2 112.6 94.8 92.5 
Minimum（mm） 54.8 59.3 106.7 116.5 108.2 99.2 87.9 90.2 88.9 77.8 63.8 59.2 
Standard deviation
（mm） 11.9 15.8 20.3 18.1 22.4 14.1 12.5 10.2 8.5 7.7 7.8 7.7 
CV 0.15 0.17 0.14 0.12 0.15 0.11 0.11 0.09 0.08 0.08 0.10 0.11 
Trend rate 
（1961-2010） 
-1.22 -0.64 -3.33* -3.9** -4.9** -0.45 -0.89 0.95 1.25 0.02 0.52 -0.87 
Trend rate 
（1980-2010） 
-3.14 -5.61* 
-
12.17*** 
-
11.03*** -7.58 -4.37 -2.46 0.43 3.98
** 1.63 2.13 0.89 
3.4 Analysis of Meteorological Factors Affecting Monthly ET0 Change 
The monthly meteorological fact changing trends are presented in Table 5. as can be seen, the monthly 
average temperature didn’t change obviously in March and April. but significant decrease appeared in 
May, greatly significant increase in June, August and September, significant increase in January, 
February, July and October. As for the monthly average maximum temperature, significant increase trend 
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appeared in August, no obvious change in other months. As for the monthly average minimum 
temperature, no obvious change appeared in May, however, greatly significant increase in each month 
except November. As for the relative humility, no obvious trend appeared from January to May, decrease 
from June to December. As for the monthly average wind speed, significant or greatly significant 
decrease appeared in all months except August. As for sunshine hours, decrease appeared in May, July 
and September.  
Tab 5 Change trends of monthly meteorological factors 
 Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Doc. 
T 0.34** 0.40** 0.17 0.09 -0.12** 0.21*** 0.14** 0.28*** 0.21*** 0.22** 0.19* 0.24* 
Tmax 0.18 0.22 0.07 -0.14 -0.31 0.07 0.01 0.20** 0.11 0.08 0.17 -0.005 
Tmin 0.49*** 0.58*** 0.42*** 0.29*** 0.07 0.35*** 0.26*** 0.36*** 0.31*** 0.37*** 0.22* 0.49*** 
RH -0.36 -0.95 -0.9 -0.46 -0.24 -1.0** -0.90** -1.6*** -1.5*** -0.77** -1.3*** -0.63* 
V -0.36*** -0.45*** -0.47*** -0.46*** -0.4** -0.18*** -0.17*** -0.02 -0.08** -0.15*** -0.24*** -0.26*** 
N -0.1 0.01 -0.16 -0.09 -0.23* -0.1 -0.23** -0.12 -0.04 -0.07 -0.08 -0.19* 
Note: * stands for passing correlation test of the confidence levelα =0.1, ** stands for passing the significantly correlation test of 
the confidence levelα =0.05, *** stands for passing the greatly significantly correlation test of the confidence levelα =0.01. 
Table 6 Monthly multivariate regression coeffient and t- test statistic 
Month Constant term Average 
minimum 
temperature 
Average 
maximum 
temperature 
Relative  
humility 
Wind  
speed 
Sunshine 
 hours 
Check 
error
（%） 
intercept Test t slope Test t slope Test t slope Test t slope Test t slope Test t 
Jan. 95.5 10.14   1.989 6.76 -1.21 -13.5 5.23 14.85 1.91 3.81 -5.3~6.2 
Feb. 66.3 4.18   3.59 9.32 -1.09 -8.07 5.90 11.76   -8.4~9.5 
Mar. 87.0 5.10   3.76 6.53 -1.71 -13.97 9.31 19.1 3.06 3.40 -6.6~5.1 
Apr. 79.1 4.00   4.12 6.73 -1.62 -11.94 8.17 18.06 3.74 4.81 -4.1~2.8 
May. 117.7 4.60   2.92 4.14 -1.65 -10.6 8.04 12.45 5.11 7.87 -4.5~5.9 
Jun. 123.7 6.87   2.01 4.42 -1.43 -15.25 7.33 19.27 5.90 23.39 -2.2~2.5 
Jul 84.0 5.40 0.93 2.18 2.18 5.62 -1.10 -13.77 5.53 16.06 6.16 26.80 -1.4~2.8 
Aug. 98.01 10.89 0.96 5.02 0.93 4.22 -0.88 -20.33 4.00 12.81 6.81 47.21 -0.9~1.5 
Sep. 89.8 11.33 0.51 2.82 1.45 5.99 -0.91 -19.93 4.00 10.81 5.50 30.0 -1.8~1.6 
Oct. 111.0 26.48 0.86 5.67 0.78 3.30 -1.14 -37.88 6.12 23.20 4.28 22.89 -1.5~1.4 
Nov. 90.42 21.23 0.56 3.39 1.14 5.16 -0.98 -22.83 4.92 19.68 2.77 12.03 -2.8~2.3 
Doc. 87.31 13.62 0.28 1.72 1.74 7.34 -1.05 -15.38 5.17 16.39 1.76 5.29 -3.3~3.8 
Note: t >1.645 stands for the significant correlation，the bigger is the t, the closer relation between variable and dependent 
variable. 
Using multivariate linear regression analysis and t statistic test, the influence degree of the every 
meteorological factor on monthly ET0 can be determined, and the factor which failed to pass the t test of 
confidence level α =0.1 is regard as having no relationship with monthly ET0 and will be rejected, and 
taken the regression analysis again, thus the optimal regression equation will be achieved (Table 6). 
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Judged from the result of regression analysis, from January to June, ET0 has no correlation with minimum 
temperature, and the sunshine hours have no correlation with ET0 in February. From July to December, 
ET0 has significant or greatly significant correlation with monthly average minimum temperature, 
monthly average maximum temperature, monthly average relative humility, monthly average wind speed 
and monthly average sunshine hours. And monthly average relative humility has negative correlation with 
ET0, namely, the decrease of the relative humility leads to the increase of ET0. However, wind speed, 
sunshine hours, and temperature all have positive correlation with ET0, namely, the decrease of wind 
speed, sunshine and temperature lead to the decrease of ET0. 
The influence degree of meteorological factors on ET0 in every month can be judged in accordance 
with the t test statistic value from regression analysis (the bigger the t value, the greater influence of the 
factor on ET0). Monthly average wind speed is the most influential meteorological factor on ET0 from 
January to May and in December; monthly average sunshine hours are most important factor from June to 
September, while monthly average humility is the greatest influential factor from October to November. 
According to the monthly meteorological data from 1961 to 2010 in Mengzhi weather station and 
regression equation, monthly ET0 are calculated and the result is compared with that of Penman-Monteith 
formula. The relative error of the two methods calculation results is within 10%, indicating that using 
regression equation can obtain a good prediction effect. 
4. Conclusion 
With the recent 50 years meteorological data retrieved from Mengzhi weather station and Penman-
Monteith formula, annual and monthly ET0 is calculated and the Changing trends are analyzed. Annually, 
the ET0 from 1961 to 2010 shows a significant decline trend, especially since 1980s. The annual average 
wind speed gives the greatest influence on ET0, followed by the annual average relative humility, the 
annual average sunshine hours, and the annual average maximum temperature which is the fourth most 
important factor having effect on ET0. Whereas monthly, ET0 increases from January to April, from 
which there is a decreasing trend monthly and reaches minimum in December. In the ET0 serials of each 
relevant month in past 50 years, the ET0 from March to May all have a decreasing tendency, while there 
is no significant increasing or decreasing in other months. The ET0 is mostly affected by monthly average 
wind speed from January to May and in December, affected by sunshine hours from June to September, 
and by the relative humility from October to November. Finally, with the calculating result of Penman-
Monteith formula as the criterion, the partial regression equation is checked and a better calculating 
accuracy is reached.   
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